Background and Objectives : Information about disease incidence is indispensable for the active prevention and control of acute myocardial infarction (AMI). The purpose of this study was to provide basic information for the establishment of policy related to AMI by examining the long-term trends in incidence of AMI. Subjects and Methods : This study identified the trend in disease incidence during between 1997 and 2007 using the Korean National Health Insurance Database that includes AMI {the 10th International Classification of Disease (ICD-10) code : I21, I22, I23, I250, I251} as a primary or secondary disease. Results : The attack and incidence rates for AMI in 2007 were 118.4 and 91.8 per 100,000 persons, respectively, and the rates more than doubled for the 11 years. Both rates were higher among males than females and increased more in the older age groups. Incidence cases accounted for most of the total attack cases every year ; however, in recent years the proportion of relapse cases was on the rise. The case fatality rate was highest (14.5%) in 2000, and declined rapidly to 9.8% in 2007. The case fatality rate was higher among females than males and the older age groups ; in particular, female patients ≥65 years of age had the highest fatality rate. Conclusion : This study showed that AMI has been on the rise in Korea for 11 years. Therefore, the establishment of policy for intensive control of the incidence of AMI is necessary by building a continuous monitoring and surveillance system. 
Introduction
Acute myocardial infarction (AMI) is a disease with a high case fatality rate. However, appropriate medical services have been reported to reduce mortality and disability caused by AMI. Currently, AMI is selected as a disease for evaluation and monitoring in many countries, including the United States (US), the European countries, as well as Korea. [1] [2] [3] [4] Although the incidence of AMI in Korea is expected to increase rapidly due to westernization of diet and aging of the population, the exact prevalence and longterm trends of the disease have not been examined. A national sample survey {National Health and Nutrition Survey (NHNS)} exists, but statistical accuracy and validity of the data obtained through such a survey are weak and many studies, except NHNS, still examine subjects of small, specific areas or some medical institutions with the corresponding limitations in representation and generalization which are needed for national data.
5)6)
Therefore, this study determined the long-term incidence and trends of AMI with national health insurance claims data between 1997 and 2007 to provide necessary data for establishing policies for active prevention and management.
Subjects and Methods

Data source and study population
This study investigated all national health insurance 468·Incidence of AMI in Korea: 1997 Korea: -2007 claims due to AMI as a primary and secondary disease for the 11 years from 1997 to 2007. To evaluate all AMI patients, I21, I22, I23, I250 and I251 of the 10th International Classification of Disease (ICD-10) were designated as standards for the disease.
In 298 classifications of disease of the Korean Standard Classification of Disease and Cause of Death, AMI is the 147th disease and includes I21 and I22 of ICD-10. However, as some hospitals used I250 and I251 to request health insurance for percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) surgery conducted for AMI patients, this study reflected maximum results of previous studies showing high treatment and examination rates of AMI patients {CABG, percutaneous transluminal coronary angioplasty (PTCA), troponin, or creatine kinase} and a high true positive rate of AMI in I23, I250, and I251 to select diagnosis codes for analysis.
5)
Statistical analysis
Building episode of care
In the Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) project another incident case of AMI at the same site within 28 days from the first incident case is considered an episode of AMI care.
2) This study also treated a case claiming health insurance with the same disease within 28 days from the first request for AMI as an episode and recorded episodes by year from 1997 to 2007. 5) When a claim was filed with health insurance for an AMI at the end of a year and then a claim was filed again within 28 days in 
Measuring disease incidence
The scale of the disease incidence for 11 years was examined by separation into attack, incidence, relapse, and case fatality rates, and the scale of disease incidence according to gender and age was also investigated. Age was classified into five groups (0-44, 45-54, 55-64, 65-79, and ≥80) and the ages of patients in each year were also calculated.
5)
The attack rate was calculated by dividing the number of total episodes (total attacks) by the population number at mid-year and the same patients could produce several attacks. The incidence and relapse rates were made by dividing the number of patients with first attacks throughout their entire lives by the population number at mid-year every year and dividing the number of total attacks less the number of first attacks of patients by the population number at mid-year, respectively. The case fatality rate was defined as the number of deaths due to the disease within 28 days after the attack according to the MONICA project.
2) The attack and incidence fatality rates were calculated by dividing the number of deaths within 28 days by the number of total attacks and by the number of the first attacks of patients throughout 470·Incidence of AMI in Korea: 1997 Korea: -2007 their entire lives each year, respectively. The population number at mid-year was the total population number on 1 July each year and was obtained from the data of the Korea National Statistical Office. 7) This study evaluated the attack, incidence, and case fatality rates according to years and examined the longterm trends of the disease incidence. By considering characteristics of population structure each year, age-standardization was performed. The standardized population for age-standardization was calculated by adding the population numbers from 1997 to 2007 according to age groups (0-44, 45-54, 55-64, 65-79, and ≥80) each year.
Results
When the number of attacks and the attack rate for AMIs were investigated according to year, there was an increase by 2.6 times from 22 (Table 2) .
In comparing the attack rate and incidence for each year according to gender and age, males showed higher rates than females and both of the rates became higher with older ages (Tables 1 and 2 ).
Both the attack rate and incidence increased rapidly from 1997 to 2002 and showed a continuous increase after 2002. This tendency was similar when the rates were analyzed according to gender and age (Fig. 1) . When agestandardized attack rates and incidences were compared according to year, there was also a sharp increase to 2002 and the increasing tendency slowed after 2002. This ten- dency was the same even after males and females were separated (Fig. 1) . Although incident cases, the first attacks of AMI throughout the entire life, accounted for most of the total attacks each year, the percentage of relapse cases has currently increased. While the increase in the incidence has slowed since 2002, the relapse rates have tended to increase continuously (Fig. 2) . The incidence increased from 79.9 cases per 100,000 persons in 2002 to 91.8 cases per 100,000 persons in 2007 (approximately 15%) and the relapse rates increased dramatically from 15.9 to 26.6 (approximately 67%). This tendency was similar even after age-standardization. The attack fatality rates had increased from 13.3% in 1997 to 14.5% in 2000 and then declined continuously. The attack fatality rate decreased sharply in 2007 to 9.8% (Table 3 ). The incidence fatality rate also increased from 14.1% in 1997 to 15.4% in 2000 and then decreased slowly. The incidence fatality rate of 2007 also decreased to 10.8% (Table 4) .
When the attack and incidence fatality rates were compared according to gender and age, the rates of females were higher than males and ≥80 and the 65-79 year age groups had higher attack and incidence fatality rates (Tables 3 and 4) . Currently, the case fatality rates have decreased continuously and this tendency was similar after age-standardization (Fig. 3) . In comparing the incidence and incidence fatality rates of males and females according to age groups (<65 and ≥65) each year (Fig. 4) , the incidence rates of males were higher than females in both of the groups of (<65 years and ≥65 years) for 11 years. However, while the incidence fatality rates were higher in males than in females for the <65 year age group, the rates of females were higher than males for the ≥65 year age group. This tendency was similar in comparison to the attack and attack fatality rates.
Discussion
This study revealed that the attack and incidence rates for AMI have increased continuously in Korea for the last 11 years. The attack and incidence rates increased by around 10% each year and the increasing tendency of the two rates was the greatest from 2000 to 2002.
The increase in attack and incidence rates can be attributed to an aging population. In a country experiencing a rapidly aging population, such as Korea, the larger number of elderly is expected to lead to a natural increase in chronic diseases, such as AMI.
5) The percentage of the population ≥65 years of age among the total population increased continuously from 6.4% in 1997 to 9.9% in 2007. 7) When the age-standardized attack and incidence rates for each year were examined in this study, the increase in the attack and incidence rates currently slowed. This finding supports the suggestion that the increasing tendency for AMIs in Korea follows the increase in the elderly with high attack rate and incidence rates. A previous international study also reported similar results. 8) A second reason for the increase in attack and incidence rates is the development of technologies for diagnosis. Recently, cardiac-specific troponins have been recognized as the most favorable biochemical myocardial index for evaluation of patients with acute coronary syndrome because of various properties. 9) This development in new technologies for diagnosis is expected to increase the diagnosis of AMIs. In early 2002, when the troponin test was actively introduced, both the attack and incidence rates increased dramatically.
According to a 10-year survey of MONICA following up incidences, deaths, and risk factors for AMI in subjects 35-64 years of age in 21 countries, including west European countries, China, and Japan, the incidence of 472·Incidence of AMI in Korea: 1997 Korea: -2007 males was the highest in Finland (915 per 100,000 persons) and the rate of females was the highest in England (256 per 100,000 persons).
2) Although this study was conducted at a different time compared to the survey, the incidence rates of AMIs in Korea in 1997 in the current study (51.6 per 100,000 persons for males and 35.2 per 100,000 persons for females) were lower than the corresponding rates in west European countries by as much as 17 and 7 times, respectively, as well as China (76 per 100,000 persons). Lundblad et al. 10) reported that the incidence rates of males and females of Sweden in 2004 were 300 and 100 per 100,000 persons, respectively, which were higher than the incidence rates in the current study (males, 99.0 per 100,000 persons ; and females, 73.1 per 100,000 persons) determined in a similar year.
However, because each country has a different system to monitor disease and because this study investigated only AMI patients visiting medical institutions, it is hard to compare the results of the countries directly. Considering that the previous study populations were west European countries and Japan with a large elderly population and that aging of the population is thought to be one of the reasons for the increasing tendency of AMIs in Korea, the risk of myocardial infarction attacks and incidence in Korea is assumed to continue to increase.
When AMI attack and incidence rates were examined according to the age groups each year, the rates grew up suddenly after 45 years of age and the increasing ten- dency was the highest, especially after 65 years of age. The reasons for the higher attack and incidence rates after 45 years of age were reported to be related to smoking and stress for males and with changes in hormones associated with menopause in females. 8)11-15) In this study, both the attack and incidence fatality rates have fallen considerably since 2000. The study of Lundblad et al. 10) in which changes in the incidence fatality rates of AMIs in Sweden were surveyed for 20 years also revealed that the incidence fatality rate was reduced sharply from 50% in 1985 to 30% in 2004. Wellenius and Mittleman 16) investigated changes in the attack fatality rate with beneficiaries of medicare in the US for 20 years and found that the attack fatality rate declined from 25.3% in 1984 to 17.2% in 2003. The decrease in the fatality rate was reported to result from the development of treatments, such as thrombolytic therapy and early visits to hospitals by patients.
1)17-21)
The fatality rates of this study were lower than those of other countries. While the MONICA study reported that the attack fatality rate of males and females in 1994 were 49% and 54% respectively, 2) the current study found that the rates in 1997 were 12.5% and 14.6% respectively. Although the two studies were performed at different times, the results of the current study revealed lower fatality rates. The latest study by Lundblad et al. 10 ) also reported that the incidence fatality rate in Sweden in 2004 was 30% and the rate was higher than that of Ko- rea in the same year (13.0%). The study performed with beneficiaries of medicare in the US reported that the attack fatality rate in 2003 was 17.2% and the rate was higher than the current study in the same year (11.9%). 16) When the fatality rates were compared according to age and gender, the rate was higher with older age and the fatality rate of females was higher than that of males. Many previous studies reported same results and suggested that the higher fatality rate of persons with older ages was led to by higher frequencies of congestive heart failure, arrhythmia, atrioventricular block, reinfarction and multivessel disease and lower frequencies of β-blocker, heparin, thrombolytic therapy and coronary angiography and angioplasty.
1) [22] [23] [24] In addition, the reasons for a higher fatality rate in females compared to the rate in males were reported to be a larger composition of the elderly among females, higher frequencies of hypertension, diabetes, and heart failure, a higher frequency of left ventricular failure during hospitalization, andlower frequencies of thrombolytic therapy, coronary angiography, and angioplasty. 1) [25] [26] [27] The current study also revealed a higher fatality rate in females of older ages. In comparing the fatality rates of males and females after dividing the ages into <65 and ≥65, while males had a higher fatality rate than females in the group <65 years of age, females had a higher fatality rate in the group ≥65 years of age for 11 years. In females, the percentage of case fatalities ≥65 years of age among the total case fatalities for 11 years averaged 82.1% (range, 76.4-87.8% by year) and it was considerably higher than males (57.3%; range, 49.4-64.7%). Thus, deaths of females ≥65 years of age exceeded the deaths of males. Fatality rate (%)
Fatality rate (%)
One of the reasons for this finding is a tendency that middle-aged females in Korea respond to health problems less actively by themselves compared to males.
11)
To verify this finding, more in-depth research will be necessary. Based on the collective results of this study, AMI attack and incidence rates of Korea tended to increase overall for the 11 years. In particular, as the relapse rates grew sharply, policies, including continuous monitoring to prevent relapse after optimal treatments and establishment of surveillance system, are desperately needed. In addition, females showed relatively lower attack and incidence rates, but higher fatality rates than males, so more intensive management for females, especially ≥65 years of age, is necessary.
One of the limitations of this study was that it used national health insurance claims data for 11 years to determine the scale of the incidence of AMIs. That could exclude AMI deaths not receiving medical services and inadequately investigate the incidence scale accurately because of the lack of validity of diagnosis in the data. Therefore, due to exclusion of AMI patients without symptoms and an incorrect diagnosis, the incidence scale could be underestimated or overestimated. 28)29) According to the study by Kim 5) determining the validity of diagnosis by investigating the medical records of patients diagnosed with an AMI with national health insurance claims data, 1,573 among the total number of subjects (2,008) were actual AMI patients for an 80% rate. To determine a more accurate incidence scale, measures to increase the validity of diagnosis with the data and development of models for diagnosis are needed. A problem related to detecting the first attacks for calculating incidence rates also could be construed as another limitation of the current study. The national health insurance data has been computerized since 1995. Therefore, when the first attacks were investigated, the cases occurring before 1995 were not considered.
Third, the current study did not reflect changes in technologies for diagnosis. It was pointed out that the active introduction of the troponin test was a reason for the sharp increase in the attack and incidence rates in early 2000 ; however, it did not reflect those changes accurately. These changes in technologies could increase attack or incidence rates and reduce fatality rates regardless of changes in the actual risk of the population and of the quality of medical services. 30) Fourth, the severity of AMI was not adjusted. If mortality caused by AMIs is decreased without a change in age structure or severity, such a change can be interpreted as a cause for improvement in the quality of medical services. 30) In spite of these limitations, this study was meaningful as the only study investigating a long-term disease incidence trend over 11 years with national health insurance claims data of the entire population, and the results are expected to be used as a major source of data for developing policies for the active prevention or management of AMIs. More research to determine more accurate causes for the changes in the disease scale and to evaluate outcomes of medical services are necessary.
